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PORWARD 

The  purpooe  of.  thin  report  is  to  describe  the  apparatus  and  teebniquea 
used  In  aooe  or  Che  melcing  aCudlea  being  conducted,  and  the  results  for 
two  aetals  taken  with  this  npperaCuo  >  one  which  has  been  previously 
examined,  okid  one  \flioce  melting  properties  under  pressure  were  unknown^ 


ttjUTngiir 

The  baolc  part  of  a  high  preenure  oysten  is  the  means  of  generation 
of  the  prcasurco  In  a  liquid  apparatus  cS  the  type  used  by  us,  this  is 
called  an  intenaifler.  During  the  course  of  the  naasurements  herein 
reported,  two  different  Intenslfiers  were  used,  one  rupturing  In  service. 

The  one  used  in  the  amjority  of  this  work  was  kindly  Isnt  to  the  author 
by  Dr.  H.G.  Drickamar  of  the  University  of  Illinois.  It  conalsts  of  a  rasi  of 
about  4.5”  ID,  which  drives  a  piston  .654"  in  dlasMtar  into  a  bor&  in 
a  lower  place.  The  stroke  la  3.5"  sax.,  and  we  were  usually  limltad  to  3”. 
The  bottom  of  the  intensifier  la  closed  by  a  plug  lAieb  leads  to  a  standard 
Harwood  200,000  psl  tubing  connection.  Thera  is  a  great  disadvantage  to 
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this  particular  Intensiflcr,  In  tliat  there  is  no  bypass  located  In  the 
upper  end  of  the  cylinder  for  prepressurlalng  Che  entire  system,  to 
achieve  maxlnunt  utilisation  of  Che  stroke  of  the  high  pressure  piston, 
and  to  return  it  to  its  initial  poalCion  after  the  completion  of  Che 
cocperiiaent  at  hand. 

Another  ninor  Inconvenience  is  the  lack  of  an  opening  for  the 
introduction  of  a  manganln  wire  resistance  goge  for  the  raeasurement  of 
pressure.  This  is  overcome  by  the  construction  of  a  special  cell,  idiich 
fits  below  ths  Intensifler,  and  sdiich  carried  the  gage. 

The  other  Intenslfiers  we  liave  used  have  been  built  along  quite 
similar  lines,  Tao  liavc  had  ports  for  the  manganin  wire  gauge  in  the 
body  of  the  inCensifier  Itself,  while  the  one  currently  in  use  does  not 
have  this  feature.  Both  of  those  with  the  port  cracked  in  service,  but 
not  due  to  its  presence. 

The  moving  seal  In  a  plug  of  the  Bridgman  unsupported  type,  with  a 
seal  ring  of  leather,  which  is  backed  on  both  sides  by  copper  rings.  The 
design  we  use  is  e  modification  of  that  used  by  DrickOmer  and  is  entirely 
satlsfMtory  and  shorn  In  Fig.  1.  Other  pocking  materials  have  been  used, 
notably  rubber  and  tcfloup  but  the;  do  not  last  as  long  as  the  leather, 
which  needs  replauement  only  once  every  couple  of  months,  depending  on 
the  frequency  of  use.  To  make  the  leather  washer  seal  initially  is 
something  of  a  trick,  but  after  it  is  once  sealed,  it  is  leakproof.  The 
method  used  by  us  for  the  initial  sealing  of  the  leather  is  to  fill  the 
system  with  hydraulic  Jack  oil,  and  pintip  as  rapidly  as  possible  to  build 
up  the  pressure,  Then  the  pressure  is  left  In  the  neighborhood  of  100,000 
psi  for  about  15  minutes,  at  the  end  of  which  time,  the  pocking  rings  have 
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-jeforncti  CO  bsccwe  a  petfcct  fit  for  tha  bore»  and  leaking  ceases.  The 
fjcc  this  packing  le  tight  is  dereoastratsd  hy  the  fact  that  we  have 

sbscrvrd  pressure  changes  of  Ices  thwi  20  psl  (about  che  Unit  of  sensl* 
(Wlcy  of  our  lueasurevcnts;  out  of  a  total  pressure  of  about  120,000  psl, 

•  vcr  periods  exteudlnf.  to  30  hours. 

The  cell  In  td'.lch  these  ncltlng  studies  have  been  carried  out  was 
constructed  cspcclfilly  for  this  purpose.  It  Is  made  from  Carpenter  883 
steel,  which  is  a  hot  die  steel,  possessing  excellent  strength  eharacter<- 
istics  to  tcTjpcratjrca  on  the  order  of  1000®F.  The  OD  Is  3“  and  the  ID 
S"  Tlie  length  of  usable  bore  is  6’*^  For  use  at  the  higher  temperatures 
a  special  length  of  pressure  tubing  Is  used  to  conduct  the  pressure  trans- 
nlttlng  fluid  CO  the  cell  This  is  a  piece  of  tubing,  11.5"  long,  of  883, 
which  is  Integral  wicu.  a  plug  for  one  end  of  the  vessel  machined  from  a 
aolld  bar  la  order  to  make  the  cubing,  it  was  necessary  to  drill  a  1/16" 
t4)le  through  the  bar  833  is  a  difficult  steel  to  drill  in  the  annealed 
oondlcion;  so  for  this  erpcratlon,  the  bar  was  first  luirdencd  to  Rockwell 
C  Z6“30j  rachlned,  i':t!utilng  the  drilling,  them  rohardened  to  Rockwell 
C  65  48.  and  rachlncd  •>  final  tolerances  The  tubing  is  equipped  with 
cool  in:;  f  ans  which  arc  integral  with  it.  For  the  excellent  raacbltic  work 
involved  in  tlie  construction  of  this  piece,  as  in  all  of  the  others  used 
0(1  this  project,  I  ai;'  deeply  Indebted  to  Kr.  Gene  J.  Scott,  without  idiosa 
'.elp  this  project  would  iwive  been  cnoruiously  slowed. 

In  order  to  ;:ini'.uice  the  cc:-pcr«turc  fluctuations  in  a  high  temp¬ 
erature  bath,  Ic  is  ncccosBry  to  stir  it,  and  this  Is  accomplished  with 
s  stirrer  which  is  attached  directly  to  the  cell,  with  bearinjs  at  Che 
top  and  bottiin.  Attaching  the  stirrer  to  Che  high  pressure  cell  simplifies 
the  proble:  of  geccin.  cell,  stirrer,  heater,  and  thcrmoccuples  Into  the 
:  ei  e  i,aci 

Best 
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Ons  quite  veslng  probleu  1«  the  eealiag  of  this  ceil.,  OrlglncH^r 
vM  Intended  to  use  the  type  of  eeele  «e  nocMlly  uae  on  our  preeeure 
enuipcMtitt,  end  idilch  ere  deeeribed  In  the  ettaohed  reprint  c  Due  to  en 
«rror  In  copying  dtioenstone  on  the  eorklog  drevtnge,  the  actual  eeal 
area  la  to  big  for  an  0  ring  seal..  It  la  alao  not  clear  that  on  0  ring 
la  a  good  Idea  at  500^0,  for  they  will  probably  carbonlae,  and  It  la  not 
good  to  have  carbon  partlclea  floating  around  In  the  preaaure  ayateai. 

A  mnber  of  different  aeala  have  been  tried,  all  of  than  being 

verlatlona  on  the  baalc  thaae  ahown  in  Figure  2„  The  ring  la  initially 

aanlad  by  forcing  the  plug  In  tightly  againat  the  ring,  and  aa  the 

preeaurc  la  Inereaaed,  the  material  of  the  ring  begins  to  flow,  axwl  aa 

Che  back  of  the  ring  Is  unsupported,  this  becooea  a  Bridgman  unsupported 

erea  aeal^  There  are  two  drawbacks  to  this  design,  however,  one  being 

chat  Che  Initial  seal  Is  rather  difficult  to  get,  and  the  aecond  that 

there  arc  oceasloital  leaks  during  Che  rapid  haaclng  of  the  cell,  due  to 

differential  thermal  expansion  of  the  coll  end  rlngo  for  ring  material, 

brass  is  entirely  satisfactory  Co  maybe  200°C,  and  copper  to  a  somewhat 

lower  tenperacure.  Above  200°C,  steel  naiat  be  used,  axtd  we  uae  a  adlld 

ateel  for  this  purpose  The  rings  axe  cut  Co  be  a  very  good  fit  for 

the  cyllxtder,  oceaalonally  a  press  or  shrink  fit,  chough  this  is  not 

♦ 

always  necessaryo  Then  the  plug  is  screwed  against  the  ring,  and  drivan 
home  with  a  rather  large  forcso  Thla  la  usually  accoopllshod  by  firmly 
securing  the  cell  In  a  chain  pipe  vise,  putting  a  24"  crascanC  wrench  on 
Che  plug,  and  literally  Jumping  up  and  down  on  the  end  of  the  wrench. 
Crude,  but  quite  effective.  The  leaking  during  heating  can  aomatlaas  be 
defeated  by  putting  a  sufficiently  large  pressure  (6000-7000  bars)  on  the 
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systen.  io  thv  riog  uiatarials  ar*  quit*  plcatle,  and  then  heat.  Also, 
dulte  o.ten«  after  the  oot-ipletloa  of  heating^  the  leaking  will  stop.  Very 
rarel'  does  the  leakage  probL«.i  beeone  sufficiently  serious  to  demand  the 
replacing  of  the  i:eals.  Maaaureaants  are  never  taken  when  there  is  a 
detectable  loak  in  the  system. 

Other  variations  on  these  seala  have  been  tried,  mainly  in  the  line 
of  putting  a  softer  material  in  front  of  the  steel  seal  ring,  to  provide 
an  easier  initial  seal.  Rubber,  lead,  aitd  teflon  cannot  be  used,  due  to 
the  large  temperature  range.  Copper  works  well,  but  the  advantage  gained 
Is  slight,  and  does  not  Justify  the  extra  trouble  in  making  the  seals. 

Since  the  completion  of  the  measurements  discussed  below,  this  cell 
started  cracking  at  the  bore,  probably  due  to  a  minute  flaw.  This  was 
repaired  by  boring  the  cell  out  to  a  little  over  1",  and  shrink  fitting 
a  liner  In  place.  This  liner  is  equipped  wxcu  ouT  '^noxTuSl**  osals,  but 
our  eaperiencci  at  elevated  teroperatures  Is  still  too  limited  with  these 
scsals  to  know  if  they  are  satisfactory. 

For  the  high  temperature  bath  a  mixture  of  Sodium,  potassium  and 

1 

lithium  nitrates  was  used.  This  mixture  started  as  a  ternary  eutectic 
but  as  the  siee  of  the  bath  was  increased,  more  salts  were  dumpod  in 
without  careful  weighing,  so  Chs  mixture  is  no  longer  ideal.  It  is  still 
completely  fluid  below  ISO^’c,  however.  The  suLxture  is  held  in  a  stain*' 
less  steel  Jacket  which  may  be  slipped  around  the  pressure  cell,  with 
the  heater  located  at  the  bottom  of  the  bath.  This  bath  la  rather  con¬ 
venient.  It  is  not  messy,  ia  odorless,  and  tranaparent,  and  we  have  not 
observed  smy  corrosion  of  steel  parts  which  hava  been  inraarsed  in  it. 

He  have  bad  the  entire  bath  and  praaeura  uell  to  500**C,  and  have  subjected 
samples  of  the  t>ath  to  620^c  without  any  apparent  decomposition. 
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Th«  circuit  uaad  lor  haotioc  tho  bath  is  similar  to  ons  oMOtionad  by 
>v>yd  and  Sngland^,  and  coasists  of  a  eoarsa  and  fins  control  in  the  same 
riaitarv  This  is  aceonplishod  by  tha  use  of  two  variaes,  both  eonnactad 
io  tbe  sane  power  source,  and  connected  In  series,  one  being  put  through 
a  step  down  transformer  first.  A  glance  at  Fig.  3  will  clarify  this 
circuit.  Tha  sr^  down  transformer,  which  for  us  is  a  115  v  primary  to 
5  volt  secondaxry,  permits  an  easy  adjustment  of  the  heater  voltage  to 
J2  volts.  When  necessary  the  two  variaes  way  be  connected  to  a  constant 
voltage  transfozner,  to  reduce  the  effects  of  line  voltage  fluetuationa. 

With  this  arrangement  it  la  an  eaay  matter  to  reduce  the  temperature  fluc- 
tuecione  in  the  beth  to  0.1°  at  500*’C,  and  with  a  little  Juggling  of  the 
voltages,  considerably  better  than  this  may  be  obtained.  A  1000  watt 
neater  la  more  Chan  sufficiaic  for  this  bath.  This  double  variac  arrange* 
ment  la  also  convenient  for  a  bath  equipped  with  a  thermostatic  control,  for 
rhe  thermostat  »av  be  set  to  actuate  the  fine  control  of  the  volteee  In 
an  on-off  pattern. 

Another  circuit  which  requites  some  commert  t  :  that  of  the  mangenin 
wire  pressure  gage.  The  circuit  wc  use  is  a  fairly  standard  one,  which 
has  been  used  in  a  niaaber  of  different  laboratories  for  a  number  of 
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years,  and  was  first  shown  to  the  author  by  D  S  .  Hughes  ,  and  somowhat 
differant  veraiona  have  baen  published  by  Warschauer  and  Paul^,  and 
Tsiklis^.  Tha  circuit  is  shown  in  figure  4.  la  the  .’^oll  of  mangenin 
wire  idtich  is  located  Inside  the  pressure  cell,  and  is  a  slldevlre 
reeistonce.  &5  is  a  resistance  which  Is  put  into  the  bridge  solely  for 
the  purpose  of  convenience  in  setting  the  pressure  scale,  and  is  adjusted 
to  be  equal  to  to  a  few  parts  in  100,000.  The  ratio  R1/R2  can  be 
anything  desired,  but  we  used  two  aatched  reeistorso  R].,  R2,  Rj,  and  R^ 
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are  all  about  100  oluuc^  Rj  is  a  decade  box,  with  which  the  bridge  is 
approximately  balanced  with  no  pressure  in  the  apparatus  Rg  Is  a 
resistance  across  this  decade  box,  which  serves  as  a  fine  control  on 
the  zero  of  the  bridge.  It  is  clear  froca  the  circuit  that  clnjnging 
R7  Ti^kos  no  change  in  the  atr^ORphcrlc  pressure  balance  of  the  circuit. 

By  a  8i:;ip.\e  analysis  of  the  balance  condition  of  thin  bridge  one 
may  easily  show  that; 

P  -  ^^^7 _  (  ^  -h  i)  _ L. 

^  4  R5  +  4.  Ky  Rj^  1000 

where  y  is  the  total  number  of  scale  divisions  moved  on  the  si idc'rirc 
from  the  zero  poir.:,  Che  total  number  taken  to  b  .  1000,  and  atisan  ing 
that  the  resistance  of  the  slidevirc  varies  linearly  with  the  number  of 
scale  divisions,.  For  winganin  and  a  gold  -  2.  17.  chromium  alloy,  the 
resistance  is  a  linear  function  of  the  pressure,  so  <i3l  »•  uP  v;herc 
3  is  the  pressure  coefficient  of  resistance.  Thus  the  equation  shows  that 
the  number  of  divisions  moved  is  directly  proportional  to  the  pressure 

One  should  nc  .:  Chat  Che  values  of  R^  a’  do  not  appear  in  the 

above  relatlcnship.  so  they  do  not  affect  the  cliangc  of  b-vlaiu.  e  under 
pressure.,  The  real  advantage  cf  this  bridge  is  the  presence  of  R^,,  With 
it  the  bridge  may  be  zeroed  at  atmospheric  pressure,  and  then  the  pressure 
in  the  system  raised  to  a  ’.mown  value  of  the  pressure  ind  r.7  adjusted 
until  Che  number  of  divisions  r.crroopond.s  to  some  convenient  ^ub  multiple 
of  the  pressure.  In  actual  prac  1-ice  it  is  best  to  set  R7  If  there  is 
a  roughly  convenient  scale,  we  use  200  pai  per  division,  and  then  calibrate 
the  exact  ntmber ,  Kit’n.out  U5,  one  may  not  ad  just  the  scale  unde;:  pressure 
without  altering  the  zero  pressure  balance,  and  the  circuit  is  a  bigger 
nuisance,  and  less  accuraco  to  set  up.. 
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On«  trouble  vith  toangiuiln  gages  is  theic  tendency  to  drifts  Much 
of  this  drifting  ig  caused  by  the  changing  of  temperatures  within  the 
room  In  our  bridge  Rj,  r^,  R3  and  R4  are  all  of  roangonln,  so  Uhls 
tendency  is  lowered  to  «  miniimWo  We  have  observed  drift  rates  as  low 
as  1  b<ar  in  24  hours  for  periods  up  to  I  week  end  this  is  too  smell  to 
affect  most  neasurementSo  If  eaperiments  ere  to  be  carried  out  over 
a  long  time  interval,  then  this  drifting  could  become  annoying^  and  the 
gold  chromium  Is  used.  This  Is  store  stable,  but  has  only  about  1/3  of 
the  sensitivity, 

The  slide  wire  is  a  Leads  and  Northrup  Kohlrausch  slide  wire,  and 
stost  of  the  bridge  Is  built  in  the  cdse  of  thin  wire.  Using  2  volts  to 
actuate  the  bridge,  and  a  galvanometer  of  ,003  aicroamps/mm,  neasurements 
may  be  made  Co  about  I  -  i  .5  bars  ot  any  preasure  with  no  trouble.  If 
greater  precision  is  needed,  a  higher  bridge  voltage  nay  be  used. 

The  fixed  point  for  the  calibration  of  the  nanganln  Taanoreeter  i**  the 

freezing  pressure  at  0°C  of  mercury  Ihis  was  originally  measured  by 

Bridgtnan®  as  764!i  Icj/cm^,  but  more  receit  irenents  have  indicated 
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that  this  number  is  low,  for  Zhokhovskii  giver.  7715,  end  the  most 

8  L 

recent  and  probably  best  value  is  given  by  Dodson  as  7723  Jl  2  kg/aii“ 

We  have  adopted  this  last  value  for  our  work,  and  have  taken  it  to  be 
7574  boroo 

Recalibration  of  the  nanganln  wlr<i  gage  is  carried  out  periodically^, 
and  the  entire  operation  consumes  but  ■  few  hours..  It  has  uooally  bt.>vn. 
done  after  several  major  explosions  in  our  la>.L,  but  will  be  done  per 
lodically  even  In  their  absence.  For  diis  purpose,  100-200  grams  of 
distilled  mercury  Is  placed  In  a  steel  cup  within  the  pressure  vesaei, 
and  pressure  transmitted  to  the  mercury  by  petroleum  ether,  which  does 
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not  b«coin«  too  viscous  under  the  conditions  of  calibration.  The 
equtlihrium  pressure  Is  approached  from  both  above  and  below,  suid 
che  tviu  readings  must  agree  closely.  Then  the  pressure  is  released 
on  the  system  and  a  correction  applied  for  the  drift  of  the  rero  of 
the  bridge  If  any  exists.  The  difference  in  pressures  from  above  and 
below,  for  a  typical  experiment.  Is  less  than  18  psl  (out  of  110,000) < 
The  calibration  of  the  coil  we  are  presently  using  has  changed  by  1 
per  cent  during  the  course  of  our  meesurements,  extending  over  a  year 
and  a  half.  Most  of  this  has  been  caused  by  the  three  or  four  major 
cxplcslons  to  which  Che  coll  has  been  subjected.  We  consequently 
estimate  that  the  accuracy  of  our  pressure  ncnnurements  Is  .l-r.2 
pet  cent,  with  a  precision,  during  the  course  of  a  given  experiment^ 
of  about  one  ordex  of  oagnltude  better.  This  Is  ny>re  than  sufficient 
for  our  purposes , 

In  order  to  measure  the  volume  of  the  syntcia  under  pressure,  a 
means  of  measuring  the  position  of  the  piston  Is  needed.  We  use  a 
systeia  in  which  the  piston  position  is  read  iron  a  vernier  placed 
sffise  distance  from  the  high  pressure  apparatus,  i  e-N  on  Che  other 
side  of  the  safety  wall,  and  which  is  actuated  by  a  long  piece  of 
picture  wire,  one  leading  to  the  piston,  and  a  weight  hanging  on  Che 
ocher  end.  The  vernier  may  be  read  to  the  nearest  .001",  which  is 
good  enough. 

Temperatures  are  measured  by  thermometers,  if  below  100°C  Hhi.le 
for  higher  Cemperatures  a  Chromel'Alumel  Thermocouple  proves  to  be  more 
convenient  and  accurate.  Its  voltage  Is  measured  with  a  Leeds  and 
JJorthrup  K2  Potentiometer.  The  couple  Is  calibrated  by  comparison 
against  known  melting  points  In  some  specially  constructed  cells. 


We  ere  not  at  all  happy  with  thla  calibration  procedure,  for  sane 
irrei^ulericles  have  ahown  up,  and  tfe  are  currently  reexamining  thla. 

Any  change*  In  the  data  below  would  be  extremely  minor,  and  probably 
below  fxperl^ntal  error.  Ue  estimate  the  temperature  accuracy  to 

be  about 

Kor  convenience  the  K2  potentiometer,  the  awinganln  wire  bridge, 
tlie  vernier,  and  the  band  pump  which  drives  oil  Into  the  Intenalfler 
■tf  very  close  to  ona  another,  ao  one  person  can  comfortably  operate 
ihe  entire  systera.  The  coarse  and  fine  t'oltage  controls  for  the 
heater  ssre  n;ar  at  liaad  also. 

The  n-eltlng  ot  the  sersple  under  Investigation  Is  detected  by  a 
r-J3-htr  at  means.  The  usual  method  la  to  detect  dlscontlnultlea  on  the 
?•  V  ^urve  at  conotaat  T,  tliough  during  the  heating  process,  one  may 
icte*- f  It  by  the  dlacorainity  la  the  ?*T  curve  at  essentially  conauui^ 
i'he  u.eiat  course,  at  least  at  the  start  ot  a  new  substance,  ran 
I'ling  s9  follows:  first  the  smsple  Is  put  into  the  apparatus,  and 
toe  prcisur*  raised  *^0  SO, 000  -  100,000  psl  to  seat  all  of  the  aeols^ 
Then  the  heating  process  was  started,  and  the  pressure  watched  aa  a 
tunetton  o*  time.  Usually  did  not  reach  the  desired  operating  temp- 
before  melting  set  In  This  was  announced  by  a  pronounced 
tt.’if  In  the  rate  of  change  of  pressure  with  time.  Then  the  heating  was 
tjGanlly  stopped,  and  the  temperature  allowed  to  settle  to  a  constant 
vdiuc-  Tben^  If  not  all  of  the  sasiple  had  melted,  tbe  pressure  waa 
recorded,  and  If  It  had  all  melted,  the  presaure  waa  raised  enough 
to  scare  the  freezing  process,  and  another  interval  allowed  for  equtll- 
nrlue  £u  be  attained,  before  the  pressure  was  recorded.  It  tauat  be 
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eraphasized  that  the  values  of  the  neltdLng  point  are  equlllbrlua  values* 
and  represent  readings  taken  vhm  neither  the  pressure  nor  temperature 
were  changing. 

Another  method  uas  to  heat  the  systea  to  the  desired  temperature* 
and  Chen  start  increasing  the  pressure  from  some  email  value*  and  plotting 
the  piston  position  against  pressure*  vlth  maybe  a  five  minute  wait 
betveen  the  successiv::  pressure  Increases.  Freezing  Is  announced  by  the 
sudden  change  in  the  curve.  With  this  method*  there  la  alvays  a  tendency 
to  subcool*  but  this  liasn't  been  too  bothersome  in  the  present  vork. 

This  subcooling  is  noc  present  if  the  pressure  is  released  cn  the  solid* 
until  melting  sets  in 

DATA 

The  first  two  uecals  mn  \d.th  this  apparatus  were  tin  and  selenium. 
Tin  V08  chosen  because  it  has  been  done  before^ so  we  knev  what 
!:a  expect  and  cou  '  .>'g  it  as  a  check  on  our  '  ur’:  Seleniia  ws  chosen 
bcccjuc  it  hasn’t  uuc..  done  before. 

Yln~  The  tin  uswd  v&s  a  Fisher  Certified  Reagent  shot*  md  uss  of 
about  59.97  per  cent  purity,  Incidently*  the  experimental  error  in  work 
of  dlls  type  Is  large  enough  to  mask  the  presence  of  a  few  hundredths  of 
'i  per  cent  of  is^iurity*  and  there  is  not  much  point  in  getting  material 
of  extreme  purity.  The  laain  effect  of  a  small  Amount  of  iispuricy  is 
to  rountl  the  eomsru  of  the  dlsconunity*  in  the  P«V  curve*  and  to  slow 
the  reaction  somewhat.  The  rounding  Is  barely  perceptable  In  this  work. 

Tlie  mecouremrmtf  were  mnde  in  several  set-ups*  all  with  the  same 
Bospl;;,  The  tin  uas  contained  In  a  ctalnless  steel  cup*  and  the  pressure 
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trannittad  by  kaarosm*.  Th*  thataal  MqMuialoo  of  kcrosen*  is  not  wall 
known  in  this  ration  of  praasora  and  tamparature,  so  so  serious  stteopts 
ware  aada  Co  asasura  Cha  chaaga  of  voIum  on  nalcing,  since  Butusov's 
work  indleates  Chat  any  variation  of  this  would  be  snail. 

The  data  points  aa  ,cakan  wise  be  corracted,  for  the  nsnganin  wire 
holder  heats  somewhat  due  to  the  hot  air  rising  from  the  furnace.  Con¬ 
sequently  it  Is  naceaaary  to  apply  a  small  correction  to  Che  readings 
as  taken  for  the  change  of  raoiatanea  of  the  manganln  wire  gage  due  to 
heating.  This  correction  is  aaparimantally  detennlnedt  and  is  only  about 
1.5  bars  per  det^ee. 

The  data  points,  fully  eorraetad,  are  shovm  In  figure  5.  The  departure 
from  linearity  In  this  range  is  small,  but  quite  detectable.  The  data 
points  have  been  fitted  to  a  Simon  type  of  equation,  by  a  least  squares 
uethod.  This  has  been  programoMd  for  the  local  IBM  650  computer,  and  has 
been  applied  Co  a  large  number  of  substances.  This  will  be  dealt  with  In 
a  forthcoming  technical  report.  The  results  of  the  fit  are: 

3  C  *4'^ 

p/38,380  bars  s(T/505. 05)  -1  Tin  °k 

This  compares  rather  well  with  the  cork  of  Butuzov,  where  the 
exponent  is  3.924,  end  ths  other  parameter  40,334  bare,  but  not  so  well 
with  that  of  Dudley  and  Hally,  whose  data  give  4.146  and  35,675  bars.  The 
reasons  for  disagreement  with  Hall  ara  not  too  clear.  His  pressure  trans¬ 
mitting  amdiin  is  a  solid,  and  thare  are  non  hydrostatic  forces  at  play 
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which  can  shift  ths  transition  somewhat,  and  also  there  could  be  a  small 
non-llnearlCy  in  his  pressure  scale.  The  whole  matter  will  be  discussed 
In  a  later  report. 
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atandard  d«viati«tt  of  thooo  points  Is  190  bars*  idileh  soans 
1  i  cr  '’l/h,  tMit,  trsnalstsd  Into  s  tampsrscure  error*  this  asoonta  to 
■  ,  «fw>  t  This  flcors  is  s  bit  bifh*  but  auiy  be  easily  explained 

>  U  r  tact  Chat  tin  was  the  first  oatal  invaatlgatsd  in  this  lab*  and*  at 
lea  mrlclag  curve  use  known  before  we  started*  not  as  lauch  Inportance 
etceched  to  these  nasauraMata  as  «au  to  those  on  selcnlm.  The 
acancMrd  deviation  of  Bncusov*a  aMOsnreaants  la  about  124  bars. 

Selenluo^  This  use  front  Sargent  and  Co.  and  of  unstated  purity.  Its 
purity  was  shown  by  Che  high  swltlng  point  at  ataospherle  pressure, 
aitd  hv  the  aharpness  of  stelclng. 

Selenium  displays  a  coaplex  polyoorpblsm*  there  being  several  kno%m 
forme.  We  were  prlnsrlly  Intcrsstad  in  the  hexagonal  fora,  which  is 
tii*  mat  metallic  of  the  forma,  and  the  most  stable.  The  selenium  ws 
melted  Into  the  stainless  stssl  cup*  and  cooled  quickly.  Host  of  the 
seteniuBi  thus  prepared  waa  in  the  amorphous  state..  It  was  put  into  ths 
system,  the  pressure  sod  Csnper.*.'.  ire  raised  to  the  vicinity  of  the 
melting  curve  at  around  4000  bars.  Both  during  Che  prsssurs  and  cetsp- 
erature  iocraasss.  chars  vers  avidsocasof  the  transition  to  ths  hex¬ 
agonal  state.  The  saople  was  left  In  tha  vicinity  of  the  aalting  curv« 
for  two  days,  during  «diich  Ciae  no  further  change  was  observed*  so  Che 

sclcnltas  was  completely  in  Che  sMtallie  state  before  melting  took  place. 
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The  same  type  of  b.-havior  was  noted  by  Brld^an. 

The  melting  Canperatare  of  Salanlua  rlaca  quite  rapidly  for  a 
Detain^  eubstance*  rising  soma  180^  in  10*000  bars,  as  may  bs  ssen 
In  flgura  6.  Here  Che  curvature  with  presaure  is  quite  apparent.  The 
meaeureaencs  went  msoochly*  in  a  single  run.  Tha  melting  point  at 
aCanspberlc  pressure  was  dstsrmlnad  on  the  saaple*  after  the  cospletlon 
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of  the  hl^h  preeeurc  run.  There  ie  coc  other  point  which  wee  epprootl* 
oetcly  ceken,  but  Is  not  shewn.  Tale  wee  «c  e  higher  tCBqtcretnre  (412*C). 
l  eek  In  the  eyeten  prevented  en  occurete  deteralnetlon  of  the  preeeurc, 
but  we  could  dccemloe  chat  the  point  wee  la  good  egreement  with  those 
taken  et  lover  pressurea,  ar.d  that  no  new  form  had  been  found.  It  was 
not  deemed  worthwhile  to  sec  up  the  apparatus  again  for  one  point. 

At  Che  higher  temperatures  there  la  sooc  cetklency  for  kerosene  to 
crack,  so  the  points  were  taken  very  rapidly,  with  no  time  being  taken 
CO  atcempc  Co  determine  the  change  of  volume  on  melting.  At  the  lower 
preeeuree  these  werj  ictemlnad,  end  showed  a  very  slight  rounding  of 
tha  comers.  Indicating  oooe  hepurltiae,  but  not  enough  Co  affect  Che  data. 

These  data  have  also  beet,  fitted  to  e  Simon  type  equatloo,  which  Ist 

1.939  o 

P/11,872  bars  =  (T/495  5)  *1  Tin 

there  are  no  previous,  reeulcs  for  ccczpariscn. 

The  stands^d  deviation  of  these  points  la  !>2  bars^^  or  ebeut  ,l**i! 
tAicb  is  .oouC  cur  .  of  error  of  teoperett  asurment. 
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In  this  report  we  have  given  s  conelderablv  body  of  detail  concerning 
our  apparatus.  This  ves  done  in  the  hope  chat  It  might  be  useful  to 
someone  nev  in  the  field  of  high  pressure  work,  and  could  aavc  them 
acme  of  the  time  Chat  we  have  had  Co  invest  in  details.  Unfortiaately 
pressure  techniques  of  the  type  presented  here  remain  trasaaitted  Coo 
naKh  on  a  word  of  aoucb  proposition,  and  there  is  a  conaiderable  body  of 
knowledge  of  Cecholques,  any  one  of  which  Is  not  worth  publishing,  but 
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collactively  Are  quite  IrapertAut.  We  liope  we  have  helped  alleviate  this 
situation. 

The  melting  atudlea  on  two  metals  are  described,  as  bein{;  topical 
of  the  experience  encountered,  and  equations  given  which  enable  anyone 
to  calculate  the  melting  pressure  of  these  substances  at  any  tcr.<perature 
to  pressures  of  10,000  bars. 
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Dtt«  to  «  r«tr«tobly  took  •£  raprlots,  of  th«  artlel*  MoktoMd  in 
ton  b9dy  0i  th«  ftongnlns  toehnlcnl  copnri:,  many  oopics  nr*  Inckint  in 
this  rnspnctf  ••  thin  non  in«  Thn  nrtieln  in  givna  in  RnVo  Sei.^  Znstoo  J[l» 
219  (1960),  a  draving  a£  tha  naala  is  givan  in  tha  naact  figiira,  and  das* 
esibad  balawo 

Tha  saal  ahaw  in  tha  falloving  drawing  caasists  af  faur  parts:  t'Jia 
top  ring  is  an  axtractor  ring,  and  plars  na  part  in  tha  actual  oparatlsn 
af  tha  aaalo  Tha  nest  ring  Is  an  0  ring,  ablob  pravidas  an  Initial  aasl 
against  prassura  of  vacuuso  Tha  follawing  ring  is  taflan,  or  i^lan,  for 
a  back  up  ring^  Tha  last  ring  is  the  ring  «pblch  bacaaMs  affectivs  at  high 
prassuraso  It  is  initialljr  squara  in  crosn  aactlon,  as  sbo«a.,  hut  aa  tha 
prassura  is  raisod  this  last  ring  starts  to  flow  plastically  against  tha 
sbooldar,  giving  tha  usual  type  of  unsupported  araa  Baal;> 

In  our  axparlanco^  to  10,000  bare,  brass  is  satisfactory  to  200*C . 

If  tha  0  ring  forots  aa  initial  seal,  this  sani  does  m»t  leak  as  tha 
prassura  is  ralsada 


